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SUMMARY

Basic thickness forms of the NACA 63-, 6L4-, 65-series and NACA 63A-,
64A-, 65A-series airfoil sections are tabulated for thicknesses of 2, 3,
ly, and 5 percent chord. Also presented for these thin airfoil sections
are theoretical values of pressures and veloclty ratios required to
obtain theoretical airfoil pressure distributions. In addition, for each
family of airfoil sections, cross plots are presented from which ordinates
and pressure distributions can be easlly obtained for airfoll sections
of thicknesses intermediste to those presented in this report, in NACA
Report 824 (from 6 to 21 percent chord for the NACA 6-series), and in
NACA Report 903 {from 6 to 15 percent chord for the NACA 6A-series).

JINTRODUCTION

In order to minimize the wave drag of supersonic aircraft, the wilngs
and tail surfaces are designed with the use of airfoil sections thinner
than 6 percent chord. Ordinates for only a few of these thin airfoils
are published and these are not convenlently located in a single report.
This report will supplement the information presented in references 1
and 2 and provide the ordinates of additionel aeirfoll sections useful
in design of supersonic sircraft.

The information presented in this report includes tabulated ordinates
for symmetrical NACA 6~ and 6A-series airfoil sections with thicknesses
of 2, 3, 4, and 5 percent chord and a simplified method of obtaining
ordinates for any thickness intermediate to published values from 2
to 21 percent chord for NACA 63-, 64-, and 65-series and from 2 to
15 percent chord for NACA 63A-, 6hA-, and 65A-series airfoil sections.
In addition, a simplified procedure is presented for obtaining the
pressure distributions about airfoil sectlons of intermediste thicknesses.
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SYMBOLS -

c chord of airfoil : : '

t meximum thickness of airfoil : ' - -
Voo free-stream velocity

A local wvelocity at any point on airfoll surface - -
a\'y increment of local veloecity

LVg increment of local velocity caused by additional type of load
distribution -

b's distance along chord from leading edge

¥ distance perpendlcular to chord
DISCUSSION

The basic thickness forms for the NACA 63-, 64-, 65-series and
NACA 63A-, 64A-, 65A-geries ailrfoil sections with thicknesses of 2, 3,
k, and 5 percent chord are presented in the tables of figures 1 to 24.
For the 6A-series airfoil sections, where a tralling-edge radius is
specified, an ordinate is presented for the 100-percent-chord station
to serve as & gulde in falring the rear portion of the airfolil. The
theoretical methods of references 1 and 2 were used to derive the
2-percent-thick airfoil sections of the NACA 63-, 6h-, 65-series and
the NACA 63A-, 64A-, 65A-series families, respectively. Although
not exactly correct, ordinates for thickness ratios intermediate to
those presented in references 1 and 2 and in the present report can
be obtained for sll practical purposes by the following method which
was used to obtain the ordinates for the 3-, 4-, and 5-percent-thick
airfoll sections tabulated herein. For each famlly of alrfoils, the
ratio obtained by dividing the ordinate y at each chordwise statlon
by the maximum thickness t 1s plotted against the alrfolil maximum
thickness in percent airfoil chord as presented in figures 25 to 30.
From these cross plots, the ratio y/t at each chordwise station can
be obtained at the desired value of maximum thickness. Values of the
ratic of the leading-edge radius to the maximum thickness squared as
a function of maximm thickness t are presented for the NACA 6-geries ‘
and 6A-series alrfoll sections in figures 31 and 32, respectively. N
Addition of a cembered mean line to the basic thickness form is accom-
plished with the use of the mean-line data of references 1l and 2. .
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The theoretical pressure distributions, indicated by (V/V@)a, for
each of the symmetrical airfoll sections presented are also tabulated
in figures 1 to 24.. In order to obtain the theoretical pressure dis-
tributions for these airfoil sections at angles of attack and/or with
cambered mean lines, the procedure described in reference 1 can be used.
In this method of calculating the pressure distributions, the velocity
distribution ebout an girfoil section is comnsidered to be composed of
the following three separate and independent components:

(1) The distribution corresponding to the wveloclty distribution
over the basic thicknese form at zero angle of attack (V/V@)

(2) The distfibution corresponding to the design load distribution
of the mean line (AV/ vo,,)

(3) The distribution corresponding to the additionel load distribu-
tion associated with angle of attack (ANé vg)

Values of the wvelocity-increment ratio AN/V@ are presented in
references 1 and 2 and values of the wvelocity ratio V/V@ and the
velocity-increment ratio AN&/V; are tabulated in figures 1 to 24k. For

each family of airfoil sections, wvalues of (V/Vm) and ANQ/V& for
intermediate thicknesses can be obtained from figures 33 to 44. In these
figures, (V[Vo)® and AVa/Ve ave plotted as a function of the maximum
airfoll thickness t 1in percent chord for each chordwise station.

Careful comparison of the ordinates and pressure ratios tabulated
in references 1 and 2 with the faired cross plots of figures 25 to 44
shows some discrepancies. Although these discrepancies are small enough
to be disregarded for all practical purposes, the wvalues obtained from
the faired cross plots are preferred for design considerations.

Langley Aeronasutical Laboratory,
National Advisory Commilttee for Aeronautics,
Langley Field, Va., August 25, 1958.
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1.2
\\
.8
(V/Vbo)z
oll- %
(8] v
o 20 ho 60 80 100
X, percent c
x Y
percez,rt ¢ percer,rb ¢ (V/Veo)a V/Va AV [V,
0 0 0 0 14,1604
5 .158 1.028 1.014 | 2.262
) .198 1.032 1.016 1 1.Tho
1.25 .25k 1.037 1.018| 1.353
2.5 .352 1.045 1.022 .98
5.0 189 1.049 1.024 .03
7.5 .590 1.050 1.025 .558
10 671 1.051 1.025 180
15 <796 1.052 1.026 .380
20 .885 1.053 1.026 320
25 .9k6 1.05% 1.027 277
30 .083 1.055 1.027 245
35 .999 1.055 1.027 .218
.993 1.05% 1.026 295
45 965 1.050 1.025 175
50 .916 1.045 1.022 .158
55 .850 1.039 1.019 243
60 .T69 1.033 1.016 .128
65 676 1.025 1.012 115
0 5T3 1.018 1.009 102
V7] 463 1.009 1.00% .090
80 «350 .999 .999 077
85 «239 .989 .95k .065
90 .136 979 .9891 .050
85 051 .969 .84 .035
100 o] .958 9791 ©
L.E. radlus: O0.045 percent ¢

Figure 1.- NACA 63-002 basic thickness form.
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l.2
] .
]
8
(V/Ve )2
i
0 ,
0 20 ho 60 80
x, percent c
X y
percelért c percex;.t c (V/V w) 2 V/V © AVa/V L
0 o] 0 o] 9.083
.5 .23 1.022 | 1.011| 2.247
.5 .300 1.0k2 | 1.021| L.770
1.25 .383 1.054 | 1.027| 1.37T7
2.5 .528 1.065 | 1.0%32 9%
5.0 .T32 1.07. | 1.035 . 700
7.5 .884 1.07% | 1.036 559
10 1.006 1.076 | 1.037} .h481
15 1.193 1.079 | 1.039 382
20 1.327 1.081 | 1.040 <321
25 1.hk2o 1.083 { 1.041 .278
30 1.476 1.084 | 1.041 245
35 1.499 1.082 | 1.040717 .218
ko 1.489 1.080 | 1.039 15
ks 1.4h5 1.074 | 1.036 175
50 1.371 1.068 | 1.033 .158
55 1.271 1.058 | 1.029 .12
60 1.1k9 1.049 | 1.024 127
65 1.008 1.037 | 1.018 Jdak
70 .853 1.025 | 1.012 .100
i) .688 1.012 | 1.006 .088
80 .520 .998 .999 .076
85 .35 983 .991 .06k
Q0 201 . .98k .09
157 .OTh .95k 977 .03k
100 o) 939 | 969} O
L.E. radius: 0.072 percent c¢

Figure 2.- NACA 63-003 basic thickness form.



1.2

.8

(vy'vu,)2

NACA TN 4322

‘\.
\\
\‘
20 Lo 60 80 100
X, percent c
X, ¥ 2
percent c| percent c| (V/Vu)<| V/Va AV, [V,
0 0 o} 0 6.711
5 .330 1.010 | 1.005]| g.212
.15 RITIN 1.049 | 1.02k| 1.789
1.25 513 1.068 | 1.033| 1.395
2.5 .T05 1.082 | 1.080| -.991
5.0 976 1.09 | 1.045| .696
7.5 1.178 1.097 | 1.04F| .560
10 1.341 1.100 | 1.0kg9 482
15 1.590 1.106 | 1.052 .383
20 1.770 1.109 | 1.053 .321
25 1.894 1.112 | 1.055 .278
30 1.969 1.11% [2.055 245
35 2.000 1.111 §{1.054 .218
4o 1.98% 1.108 | 1.053 .195
k5 1.92k 2.100 | 1.049 175
50 1.824 1.091 |1.045 .158
55 1.689 1.078 | 1.038 Qb2
60 1.525 1.065 |1.032 127
65 1.336 l.okg | 1.024 13
T0 1.129 1.033 | 1.016 .100
™ .910 1.015 | 1.007 .087
80 .686 .997 .998 oY)
85 RIT] .978 .989 .063
90 .263% .958 979 .048
g5 .0%6 <939 .9%69 .033
100 0 .921 %60 1| 0
L.E. radius: 0.128 percent c

Figure 3.- NACA 63-004 basic thickness form.
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\
20 Lo 60 80 100
X, percent ¢
X, I
percent c| percent c (V/vm)a v/ven AVa/Vm
0 o] v} 0 5.353
5 A7 .90k 997 2.169
) 506 1.052 | 1.026| 1.799
1.25 642 1.077 | 1.038| 1.%03
2.5 .881 1.098 | 1.048 .987
5.0 1.220 1.111 | 1.05% .69k
7.5 1.h72 1.120 | 1.058 561
hTo BN 1.676 1.12k | 1.060 483
15 1.988 1.133 | 1.06% .383
20 2.213 1.137 | 1.066 322
25 2.368 1.141 | 1.068 .279
30 2.462 1.143 | 1.069 245
35 2.500 1.141 | 1.068 .218
4o 2.478 1.136 | 1.066 195
45 2.h01 1.126 | 1.061 A7
50 2.27Th 1.1k | 1.055 .158
55 2.104 1.097 | 1.047 L1l
60 1.897 1.080 | 1.039 126
65 1.661 1.061 | 1.030 112
T0 1.401 1.040 | 1.020 .099
™ 1.128 1.018 | 1.009 .086
80 .84g .95 .997 OTh
85 576 972 .986 .061
S0 324 ST 973 Ny
5] .118 .92k .961 .032
100 o} .902 501 0
L.E. radius: 0.200 percent c

Figure L4.- NACA 63-005 basic thickness form.
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20 Lo 60 80
x, percent c
X, Y 2

percent c| percent ¢ (V/ Vo) V‘/V © AVB_/V @
0 0 o] o} 1k .45)
5 .1k 1.021 | 1.010| 2.210
o] .188 1.033 | 1.016| 1.860
1.25 .2h6 1.0k2 | 1.021| 1.465
2.5 Bl 1.045 | 1.022 .998
5.0 480 1.048 | 1.024 697
7.5 S5 1.049 | 1.02% 562
10 654 1.049 | 1.02L 478
i5 15 1.050 | 1.025 .380
20 .863 1.051 | 1.025 320
5 928 1.051 | 1.025 2T
30 971 1.052 | 1.026 245
35 1995 1.053 | 1.026 .218
4o .999 1.054% | 1.027 .196
45 .976 1.052 | 1.026 .178
50 .931 1.048 | 1.02% .158
55 867 1.042 | 1.021 k2
60 .T90 1.036 | 1.018 .128
65 .699 1.028 | 1.01k 135
0 597 1.020 | 1.010 .102
i) 487 1.021 | 1.005 .089
80 .372 1.002° | 1.001 .08
85 .258 .992 .996 .065
90 .150 .983 .99L .052
9 .058 .970 .985 .035

100 0 5 | 977] 0

L.E. radius: 0.028 percent c¢ .

100

Figure 5.- NACA 64-002 basic thickness form.
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1.2
’\\
8
(Ve 2
.h_ f=—— —_——
0
0 20 ho 60 80
X, percent c
X ¥ 2
perceﬁt c perce;fc. c (V/ Veo) V/V oo AVa/'V 0
0 0 o} 0 9.750
5 .235 1.028 | 1.014| 2.22%
B .288 1.051 | 1.025]| 1.860
1.25 372 1.058 | 1.029| 1.465
2.5 .515 1.063 | 1.031 .995
5.0 T2 1.066 | 1.032 <596
T.5 .856 1.068 | 1,033 561
10 973 . 1.070 | 1.034 478
15 1.156 1.072 | 1.035 .381
20 1.291 1.075 | 1.037 .320
25 1.389 1.077 | 1.038 .278
30 1.455 1.079 | 1.039 2h5
35 1.ko1 1.080 | 1.039 .218
Lo 1.499 1.081 | 1.040 197
45 1.463 1.078 | 1.038 L178
50 1.395 1.071 | 1.035 .158
55 1.268 1.063 | 1.031 J1k2
60 1.180 1.055 | 1.026 .128
65 1.043 i.041 | 1.020 LAk
70 .889 1.030 | 1.015 101
™ T2k 1.015 | 1.007 .088
80 553 1.002 | 1.001 076
85 382 987 .993 .063
R0 221 972 .686 .050
95 .08% .53 976 03h
100 ) .935 | .967| O
L.E. radius: 0.062 percent c

Figure 6.- NACA 64-003 basic thickness form.
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1.2
— v
\\
8
(VAN )2
ol
(0]
o} 20 Lo 60 80 100
X, percent c ¥4
%, ¥ 2
percent c | percent ¢ (VNV&)E| Ve | AV Vs
o} 0 0 o} 7.070 ¥
5 322 1.029 | 1.01k| 2.225
.5 .391 1.060 | 1.030| 1.84%4
1.25 500 1.070 | 1.0341 1.456
2.5 .685 1.079 | 1.039 .992
5.0 043 1.084% | 1.041 695
7.5 1.134% 1.088 | 1.043 561
10 1.290 1.091 | 1.045 478
15 1.536 1.097 | 1.047 .382
20 1.717 1.101 | 1.049 .320
25 1.849 1.104 | 1.051 .278
30 1.938 1,107 | 1.052 245
35 1.987 1.109 | 1.053 .218
ko 1.997 1.112 | 1.055 197
45 1.950 1.104 | 1.051 77
50 1.857 1.095 | 1.046 .158
55 1.726 1.083 | 1.041 k2
60 1.567 1.069 | 1.03% .128
65 1.382 1.05% | 1.027 2k
0 1.177 1.039 | 1.019 .100
i) 957 1.020 | 1.010 .087
80 .T29 1.002 | 1.001 0P
85 .503 .981 .990 062
g0 .290 .960 .980 .059
%5 110 .937 .968 .033
100 o} 915 9571 © i
L.B. radius: 0.110 percent c

Figure T.- NACA 64-004 basic thickness form.
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102- -
]
\
.8
(VN0 )2
ol
0
0 20 Lo 60 80
X, percent ¢
X hg 2
perce;n.t c perce:?lt c (V/V ) V/ Ve Ava./v ©
o} 0 0 o] 5.550
.5 108 1.021 | 1.010| 2.213
5 Jgl 1.063 | 1.031| 1.817
1.25 627 1.079 | 1.039| 1.1h0
2.5 .854 1.09% | 1.046 .87
5.0 1.173 1.101 | 1.0k9 693
T.5 1.h12 1.107 | 1.052 .560
10 1.608 1.112 | 1.055 L79
15 1.916 1.121 | 1.059 .%83
20 2.143 1.127 | 1.062 321
25 2.310 1.132 | 1.064 279
30 2.421 1.136 | 1,066 245
35 2.483 1.138 | 1.067 .219
Lo 2.406 1.131 | 1.068 .198
k5 2.435 1.132 | 1.064 ATT
50 2.316 1.119 | 1.058 .158
55 2.152 1.10% | 1.051 k2
60 1.950 1.086 | 1.042 127
65 1.717 1.067 | 1.033 113
T0 1.%60 1.047 | 1.023 .099
o) 1.186 1,023 | 1.011 .086
80 .902 1.001 | 1.001 Moyt
85 621 975 .987 .061
90 357 .949 OTh .048
%5 A3k .922 960 032
100 o} .895 o461 O
L.BE. radius: O0.175 percent c¢

Figure 8.- NACA 64-005 basic thickness Fform.
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(V/Veo )2
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NACA TN 4322

——t——
i
20 Lo 60 80 100
X, percent c .
X, ¥ 2
percent c | percent ¢ (V/Vo)=| vV, &V [V,
0 o} 0 0 15.947
5 139 1.017 | 1.008| 2.220
.5 .165 1.025 | 1.012( 1.780
1.25 .211 1.030 |[1.015]| 1.hkoa
2.5 <307 1.035 | 1,017 .99
5.0 430 1.037 | 1.018 692
7.5 522 1.038 | 1.019 563
10 .600 1.040 | 1.020 L78
15 T2k l.0k2 | 1.021 .381
20 .818 1.045 | 1.022 .321
25 .890 1.047 11.023 277
30 943 1.049 | 1.02% 245
35 979 1.0507{ 1.025 .218
ko .997 1.052 |1.026 .196
45 .997 1.05% |1.027 AT
50 OTh 1.053 | 1.026 .159
55 .926 1.048 | 1.02% J1hk
60 .856 1.042 |1.021 .130
65 . 768 1.035 | 1.017 116
T0 .668 1.027 |1.013 103
Vi) .556 1.017 }1.008 .090
80 435 1.007 |1.003 078
85 .308 .99 .997| .065
g0 .183 .983 .991 .052
95 072 967 .983 .035
100 0 .9k8 9T%1 O
L.E. radius: 0.027 percent c

Figure 9.- NACA 65-002 basic thickness form.
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8
(V/Ve )2

ol

N\
\ﬁ
——
20 ko 60 80

X, percent ¢

X, ¥ 2
percent c }percent c (V)| VIV | &V /v,
0 0 o o] 9.980
.5 .220 1.033 | 1.016 | 2.210
i) .26 1.0k2 | 1.021| 1.793
1.25 334 1.087 | 1.024 | 1.Lk06
2.5 469 1.051 | 1.025 .987
5.0 649 1.055 | 1.027 693
7.5 .788 1.057 | 1.028 .562
10 905 1.060 | 1.030 478
15 1.091 1.065 | 1.032 381
20 1.2%3 1.068 | 1.033 .32
25 1.341 1.072 | 1.035 .278
30 1.k20 1.07k | 1.036 245
35 1.hk72 1.076 | 1.037 .218
ko 1.498 1.079 | 1.039 .196
L5 1.495 1.081 | 1.040 AT
50 1.458 1.080 | 1.039 .159
55 1.383 1.072 ] 1.035 bk
60 1.276 1.063 | 1.031 .130
65 .14k 1.051 { 1.025 116
70 991 1.039 | 1.019 .102
5] .822 1.024 | 1.012 .089
80 L6h1 1.009 | 1.004 076
85 1453 .992 .996 .06k
90 .269 973 .986 .050
95 105 949 9Th 03k

100 0 .925 962 | 0
L.E. radlus: 0.061 percent c

Figure 10.- NACA 65-003 basic thickness form.

100

15
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1.2

.8

(VNN )2

NACA TN 4322

—~—]
\
e=——
20 ko 60 80 100
X, percent ¢
X, b g 2
percent c| percent c| (V/Vw)=|V/V, AV IV,
0 o} o o} 7.180
5 307 l.046 | 1.023| 2.188
. 370 1.054 | 1.027} 1.800
1.25 165 1.059 | 1.029| 1.hk07
2.5 632 1.064 | 1.032 .978
5.0 .870 1.071 | 1.035 695
7.5 1.055 1.076 | 1.037 561
10 1.212 1.081 | 1.040 478
15 1.460 1.089 | 1.0hk 381
20 1.650 1.093 | 1.045 321
25 1.795 1.097 | 1.047 279
30 1.897 1.100 | 1.049 246
35 1.965 1.103 | 1.050 .219
4o 1.998 1.106 | 1.052 .196
45 1.991 1.109 | 1.053 178
50 1.94%0 1.108 | 1.053 .160
55 1.838 1.097 | 1.047 Qb
60 1.693 1.08% | 1.041 .129
65 1.515 1.068 | 1.033 115
T0 1.309 1.051 | 1.025 .101
Y] 1.083 1.031 | 1.015 .088
80 B2 1.011 |} 1.005 075
85 593 -989 .99% .063
90 .351 .96M .982 .0k
95 136 -933 .966 033
100 0 .902 .550| o
L.B. radius: 0.109 percent ¢

Figure 11.- NACA 65-004 basic thickness form.
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1.2
<

.8

(V/Ves )2

ol

0
-
-

100

=——
20 ho 60 80
x, percent c
X, Y
percent c¢| percent c (V/vm)a Ve VY,
0 0 o} o] 5.720
.5 <394 1.051 | 1.025] 2.152
) A5 1.060 | 1.030} 1.800
1.25 504 1.06k | 1.032]| 1.%02
2.5 LT95 L.07% | 1.036 973
5.0 1.090 1.087 | 1.043 695
7.5 1.322 1.09% | 1.046 560
10 1.518 1.100 | 1.049 478
15 1.828. 1.111 | 1.05h4 381
20 2.066 1.118 | 1.057 321
25 2.245 1.123 | 1.060 .279
30 2.375 1.127 | 1.062 246
35 2.459 1.131 | 1.063 219
40 2.408 1.134 | 1.065 197
45 2.487 1.137 | 1.066 .178
50 2.420 1.136 | 1.066 .160
55 2.290 1.120 | 1.058 Jhd
60 2.106 1.103 | 1.050 .129
65 1.881 1.084 }1.ok1 JL1h
70 1.623 1.062 | 1.03L .100
™ 1.339 1.038 | 1.019 .087
80 1.038 1.012 |1.006 .04
85 .T29 .685 .992 062
90 130 .5k 977 .o48
95 165 LT .958 .033
100 o} .880 .938| ©
L.E. radius: O.170 percent ¢

Figure 12.- NACA 65-005 basic thickness form.

15
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1.2
.8

(V/Veo )2
oy
0

NACA TN L4322

-
—=E:
20 Lo 60 80 100
x, percent c
_ o
X, ¥
percent c |percent c |(V/V,) 2{vh, e [V,
0 0 0 1o 14.296 34
5 159 1.018 |1.009} 2.210
. .196 1.034% |1.017| 1.8%0
1.25 .251 1.041 | 1.020| 1.450
2.5 .350 1.0k |1.022 .995
5.0 186 1.048 | 1.024 697
1.5 - 587 1.0%9 | 1.024 .558
10 .668 1.050 |1.025 A481
15 70 1.051 | 1.025 .381 ]
20 877 1.052 | 1.026 .319
25 .938 1.052 | 1.026 277
30 977 1.053 |1.026 243
35 .996 1.053 | 1.026 217
ko .995 1.052 | 1.026 .196
45 Ok 1.048 | 1.024 (3
50 .9%6 1.045 [1.022 .158
55 .880 1.0%0 {1.020 k2
60 .808 1.035 |1.017 .128
65 T2k 1.029 | 1.014 115
T0 .630 1.022 |1.011 .102
V) 528 1.01% | 1.007 030
80 Riv-) 1.007 | 1.00% .078
85 «319 .998 <999 .065
90 .21k .988 .99k .052
95 .109 976 .988 .035
100 .005 0 o] o} -
L.E. radius: 0.030 percent c
T.E. radius: 0.005 percent c¢

Figure 13.- NACA 63A002 basic thickness form.
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1.2
-\Q
o8 :
(Ve )P
o
0
0 20 ‘o 60 80
X, percent c
x ¥
percez,lt e percei:.t e | (V) 2l v/, AV [V,
o] 0 o 0 9.320
.5 242 .993 996 | 2.198
) .295 1.048 | 1.024 ]| 1.828
1.25 ST 1.057 | 1.028 | 1.435
2.5 52k 1.064 | 1.032} .990°
5.0 27 1.070 | 1.03% 697
7.5 .878 1.072 | 1.035 560
2 10 .999 1.075 | 1.037 182
15 1.18% 1.078 | 1.038 .382
20 1.315 1.080 | 1.039 .319
25 1.508. 1.082 | 1.040 277
30 1.467 1.084% | 1.0h1 243
235 1.495 1.082 | 1.040 217
i L0 1.493 1.079 | 1.039 .195
45 1.4k61 1.074 | 1.0%6 A5
50 1.%00 1.068 | 1..033 158
5% 1.316 1.061 | 1.0%0 A2
60 [ 1.209 1.051 | 1.025 2127
65 1.083 1.041 | 1.020 Jdadk
T0 .9Lo 1.030 | 1.015 .101
A .788 1.020 | 1.010 .089
80 .633% 1.008 | 1.00% 076
85 A8 95 .997 .06l
90 .319 .582 .991 .051
S 163 967 .983 03k
100 .007 0 o] o]
L.E. radius: O0.067 percent c
T.E. radius: 0.008 percent c

Figure 1k4.- NACA 63A003 basic thickness Porm.
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1.2

.8

(VA )2

NACA TN 4322

— 1
-~ —r——
20 ho 60 8o 100
x, percent c
X s 2 /V
percent c| percent c| (V/V )| V/Veo | &Va [V
0 0 0 o} 6.T70
5 326 <967 983 2.170
. .396 1.058 | 1.029{ 1.812
1.25 503 1.071 } 1.035] 1.418
2.5 .698 1.082 | 1.040 .985
5.0 .967 1.092 | 1.045 696
7.5 1.167 1.095 | 1.046 .56
10 1.328 1.100 | 1.049 .48h
15 1.576 1.105 | 1..051 .382
20 1.753 1.108 | 1.053 .320
25 1.878 1.111 | 1.054 277
30 1.958 1.4 | 1,055 .24
35 1.995 1.111 | 1.054 217
ko 1.991 1.106 | 1.052 .19k
45 1.946 1.098 | 1.048 A5
50 1.864 1.090 | 1.0k .158
55 1.750 1.080 | 1.0%39 Lk
60 1.607 1.067 | 1.033 .126
65 1.439 1.054 | L.027 113
70 i.249 1.040 | 1.020 .100
o) 1.046 1.026 | 1.013 .088
80 840 1.009 | 1.004 05
85 .632 .992 .996 063
90 Aok 976 .988 .09
95 217 .58 979 .03h
100 .009 0 0 o
1L.E. radius: 0.118 percent ¢
T.E. radius: 0.010 percent ¢

Figure 15.- NACA 63A00L basic thickness form.
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NACA TN 4322

1.2

20 1o 60 80

X, percent ¢

X, Y 2
percent c¢ |percent c (V/V w) V/V © AVS/V ©
0 0 0 0 5.420
5 L12 G40 970 2.131
) L4196 1.063 | 1.031| 1.786
1.25 .628 1.080 ). 1.039} 1.400
2.5 871 1.098 | 1.048 .980
5.0 1.207 1.113 | 1.055 .65
7.5 1.456 1.118 | 1.057 562
10 1.658 1.12hk | 1.060 .8k
15 1.968 1.132 | 1.064 .382
20 2.19% 1.137 | 1.066 320
25 2.348 1.1%0 | 1.068 278
30 2.450 1.142 | 1.070 2k
35 2.496 1.140 | 1.068 217
40 2.488 1.132 | 1.06L .19k
45 2.430 1.123 | 1.060 kg
50 2.327 1.1 | 1.055 JA57
55 2.183 1.100 | 1.049 140
60 2.003 1.08% | 1.041 .126
65 1.792 1.067 | 1.033 JA12
T0 1.555 1.048 | 1.024 099
) 1.302 1.031.] 1.015 .086
80 1.045 1.010 | 1.005 0Tk
85 .86 .989 .99 .062
90 528 970 .985 .08
2] 270 <948 OTH .033

100 012 o] 0 o]
L.E. radius: 0,185 percent c
T.E. radius: 0.013 percent ¢

Figure 16.- NACA 63A005 basic

thickness form.

19



1.2

8

(VA )2

NACA TN L4322

100

[ ———
_ﬂ\w
20 Lo 60 80
X, percent ¢
X, g}
percent c¢ | percent c (V/Vm)z A INATA
o] o] o] 0 14.738
.5 .153 1.020 | 1.010| 2.2ho0
. .191 1.033 | 1.016{ 1.850
1.25 245 1.040 | 1.020 | 1.470
2.5 341 1.04% | 1.020 .992
5.0 LT3 1.045 | 1.022 .698
7.5 STL 1.046 | 1.023 .558
10 .650 1.047 | 1.023 482
15 . 769 1.048 | 1.024 .381
20 .856 1.049 | 1.024 .319
25 .921 1.050 | 1.025 277
30 96T 1.051 | 1.025 .24
25 .993 1.052 | 1.026 .218
ko 1.000 1.052 | 1.026 .19k
45 .987 1.051 | 1.05 176
50 950 1.047 | 1.023 .159
55 .895 1.0k2 | 1.021 143
60 825 1.036 | 1.018 .129
65 Tl 1.029 { 1.01k4 116
0 652 1.023 | 1.011 .102
™ .550 1.016 | 1.008 .090
80 J2 1.008 | 1.004 .08
85 332 .999 «999 065
0 .225 .989 <994 052
5 113 .978 .89 .034
100 .004 o] o] o]
L.E. radius: 0,028 percent ¢
T.E. radius: 0.005 percent ¢

Figure 17.- NACA 64A002 basic thickness Fform.



NACA TN L322

1,2
. i
(V/Ve )2
ok
o —
o] 20 Lo 60 80
X, percent c
X, ¥
percent c |percent c |(V/V,) A &V [V,
0 0 o] o] 9.500
5 .235 1.050 | 1.015 2.228
i) .289 1.046 | 1.023 1.850
1.25 .369 1.055 1.027| 1.467
2.5 .510 1.062 | 1.031 980
5.0 706 1.064 | 1.032 697
7.5 .851 1.066 | 1.0%32 560
10 .969 1.068 | 1.033 JL81
i5 1.148 1.07T1 | 1.035 .381
20 1.282 1.073 1.036 <320
25 1.380 1.0 1.037 278
30 1.449 1.078 1.0%8 24k
25 1.489 1.079 | 1.039 .218
1.500 1.080 1.039 .195
45 1.478 1.078 | 1.038 176
50 1.k21 1.070 | 1.034 159
55 1.337 1.062 | 1.031 A2
60 1.232 1.054 | 1.027 .128
65 1.110 1.0tk | 1.022 115
0 . 1.034% | 1.017 1ol
i) .818 1.023 | 1.011 089
80 657 1.010 | 1.005 oTT
85 Lok .997 | .998 06k
90 331 2 .991 051
95 -169 967 983 o3k
100 007 0 0 0
L.E. radius: 0.062 percent c
T.E. radius: 0.008 percent ¢

Figure 18.- NACA 6LAOO3 basic thickness form.
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NACA TN 4322

e ———
h\\;
—_——
20 Lo 60 8o 100
x, percent c
X, ¥, 2
percent c| percent ¢ (V/Vm) V/V w | &/
0 o] o] o] 6.920
.5 .318 1.035 | 1.007} 2.199
) .388 1.052 | 1.026| 1.845
1.25 Jo2 1.066 | 1.032 | 1.k59
2.5 679 1.079 | 1.039 .985
5.0 937 1.082 | 1.040 .696
7.5 1.129 1.086 | 1.042 .562
10 1.286 1.089 | 1.0k 481
15 1.526 1.094% | 1.046 .381
20 1.706 1.098 | 1.048 .320
5 1.839 1.101 | 1.049 .278
30 1.951 1,104 § 1.051 2h5
35 - 1.985 1.106 | 1.052 .219
4o 2.000 1.108 | 1.053 .196
45 1.967 1.105 | 1.051 176
50 1.890 1.09% | 1L.046 .158
55 1.778 1.08% | 1.041 12
60 1.637 1.071 | 1.0% .128
65 1.k72 1.059 | 1.029 .11
T0 1.286 1.085 | 1.022 .100
) 1.082 1.0%0 | 1.015 .088
80 .868 1.013 | 1.006 076
85 652 9% . 997 .063
90 138 976 . .050
% .225 . .958 979 .033
100 .009 o} o} 0
L.E. redius: 0.110 percent c¢
T.E. radius: 0.010 percent ¢

Figure 19.- NACA 64AOOL basic thickness form.
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l.2
]
)\\\-‘
i T —]
8 )
(V/Veo 12
o)-l. -~
0
0 20 Lo 60 80
X, percent ¢
X, Y,
percent c| percent e | (V/V.) VAN, | AV /Y,
0 0 0 o] 5.570
5 J02 1.032 | 1.016 | 2.156
) L8717 [ 1.05% | L.026| 1.831
1.25 616 1.07% | 1.036 ] 1.kh5
2.5 .88 1.093 | 1.045 982
5.0 1.167 1.100 | 1.049 695
T.5 1.106 1.106 | 1.052 563
10 1.602 1.111 | 1.05k 481
15 1.904 1.117 | 1.057 381
20 2.151 1.125 | 1.060 .321
25 2.297 1.127 | 1.062 .278
30 2.3 1.131 | 1.063 245
35 2.481 1.133 | 1.064 .219
Lo 2.500 1.136 | 1.066 .197
15 2.456 1.131 | 1.063 176
50 2.358 1.118 | 1.057 .158
55 2.216 1.10k | 1.051 a4
60 2.0%8 1.089 | 1L.04k 127
65 1.831 1.073 | 1.036 113
70 1.597 1.055 | 1.027 .099
i5) 1.34% 1.036 | 1.018 .087
80 1.077 1.015 | 1.007 075
85 .811 .ogk 997 062
90 Sl .970 .985 .048
95 .278 946 973 .032
100 011 0 o} o]
L.E. radius: 0.173 percent c
T.B. radius: 0.0125 percent c¢

Figure 20.- NACA 64A005 basic thickness form.
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o8

(V/Voo )2

ol

NACA TN 4322

leee———
0 20 ho 60 8o 100
x, percent ¢
X, ¥s 2
percent c | percent c| (V/V,) ViV | AV [V,
o] 0 o} o 16.145
5 140 1.017 | 1.008| 2.220
) .168 1.027 { 1.0153| 1.810
1.25 .21k 1.032 | 1.016{ 1.400
2.5 312 1.0%3 { 1.017 .980
5.0 1436 1.038 | 1.019 .692
7.5 527 1.0%39 | 1.019 563
10 .603 1.080 | 1.020 479
15 T2k 1.042 | 1.022 .380
20 .818 1.044 | 1.022 .320
25 .890 1.046 | 1.023 277
30 .ol 1.048 | 1.02h4 245
35 .980 1.050 { 1.025 .218
4o .999 1.051 | 1.025 .196
45 .999 1.052 | 1.026 178
50 .980 1.051 | 1.025 .160
55 .938 1.047 | 1.02% L1l
60 .876 1.041 | 1.020 .129
65 .799 1.0%3 | 1.017 116
70 .707 1.028 | 1.014 .103
) 603 1.021 | 1.010 .090
80 .489 1.013 | 1.006 .08
85 .368 1.003 | 1.001 .065
90 .2h7 .991 .99 .051
95 .126 977 .988 034
100 .00k ) o] o}
L.E. radius: 0.026 percent c
T.E. radius: 0.0045 percent. ¢

Figure 21.- NACA 65A002 basic thickness form.
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1.2

8
(V/Ve )2

ol

i-\1 |
20 Lo 60 80 100
X, percent c
X, ¥
percent c | percent ¢ (V/‘\‘.f.,:,)2 A AV /Y,
0 0 0 o} 10.081
.5 .223 1.030 } 1.016 | 2.220
o) .269 1.043 | 1.021 | 1.812
1.5 32 1.046 | 1.025 | 1.395
2.5 479 1.049 | 1.02% .978
5.0 .656 1.055 | 1.027 691
7.5 <T93 1.058 | 1.029 .563
10 .908 1.060 | 1.030 480
15 1.001 1.064 | 1.032 .381
20 1.231 1.068 | 1.033 .321
25 1.339 1.071 | 1.0%35 277
30 1.418 1.073 | 1.036 .25
35 1.b71 1.076 | 1.037 .218
Lo 1.498 1.078 | 1.038 .197
45 1.498 1.079 | 1.039 .18
50 1.467 1.076 | 1.037 .160
55 1.40h 1.070 | 1.034 .14k
60 1.310 1.062 | 1.031 .129
65 1.193 1.053 | 1.026 215
T0 1.056 1.0k2 | 1.021 .102
i} .GOL 1.032 | 1.016 .090
80 129 1.018 | 1.009 .08
85 .550 1.003 | 1.001 .06k
90 .369 .988 .99k .050
95 .188 .968 .98k .03k
100 007 0 0 0
L.E. radius: 0.058 percent <
T.E. radius: 0.007 percent c

Figure 22.- NACA 65A003 basic thickness form.
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1.2

.8

(VfV )2

0 20 10 60 8o 100
x, percent ¢
X, ¥,
percent c |percent ¢ (V/V‘,‘,)2 ViV |&Va/Ne
0 o} o} 0 T.337
5 .30k 1.038 | 1.019 | 2.210
) .368 1.050 | 1.025 { 1.805
1.25 469 1.055 | 1.027|1.389
2.5 64T 1.061 | 1.030 | .9Th4
5.0 875 1.071 | 1.035| .6%0
7.5 1.059 1.076 | 1.037| .563
10 1.213 1.080 | 1.039| .k48o0
15 1.459 1.087 {1.0k3 ) .381
20 1.645 1.001 | 1.045 | .322
25 1.788 1.095 | 1.046 | .277
30 1.892 2.098 | 1.0481 .2k5
35 1.962 1.101 | 1.049| .218
ko 1.997 1.10% | 1.051( .198
45 1.99 1.105 | 1.051 ] .178
50 1.954 1.101 | 1.049 | .161
55 1.868 1.092 | 1.085 | .14k
60 1.7h3 1.081L | 1.0k0 | .128
65 1.586 1.070 | 1.034 } .11k
T0 1.402 1.056 | 1.028 | .101
Vi) 1.195 1.0k1 | 1.020 | .089
80 .967 1.023 | 1.011} .OT7
85 .729 1.003 | 1.001 | .063
90 490 983 .99L | .0k9
%5 .250 .58 979 o3k
100 .009 0 o} o}
L.E. radius: 0.102 percent ¢
T.E. redius: 0.010 percent ¢

Figure 2%.~ NACA 65A004 basic thickness form.
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NACA TN 4322

1.2

.8

(V/Voo )2

r\\
S ——
20 Lo 60 80

x, percent c

X, Is 2
percent c | percent c | (V/Vw) Vi, | &V N,
) 0 0 o} 5.831
5 .385 1.081 | 1.020| 2.190
o] L67 1.050 | 1.055| 1.789
‘1.25 5% 1.060 | 1.030| 1.379
2.5 .815 1.072 | 1.035 .970
5.0 1.094 1.087 | 1.043 .689
T.5 1.326 1.09% | 1.046 562
10 1.519 1.099 | 1.048 180
15 1.826 1.109 | 1.053 .382
20 2.059 1.115 | 1L.056 .32%
25 2.237 1.120 | 1.058 278
30 2.367 1.123 | 1.060 .2u6
35 2.453 1.127 | 1.062| .218
Lo 2.496 1.130 | 1.063 .198
k5 2.hoh 1.132 | 1.06L 178
50 2.440 1.128 | 1.062 161
55 2.331 1.116 | 1.056 e
60 2.173 1.102 | 1.050 .128
65 1.976 1.088 | 1.043 113
70 1.746 1.069 | 1.03h .100
7 1.487 1.050 | 1.025 .088
80 1.203 1.028 | 1.01k 076
8s 907 1.0035 | 1.00L .062
90 609 .978 .989 048
5 .310 JOLT 973 .03k

100 .011 0 0 o}
L.E. radius: 0.150 percent c¢
T.E. radius: 0.0125 percent c

Figure 24.~ NACA 65A005 basic thickness form.
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28 NACA TN 4322

i

thickness,

Ratlo of ordinate to max{mum

o z k 6 8 ® 16 18 20 22
Kaxismum thickness, +t, percent o

(&) x = 0.5 to 10 percent c.

Figure 25.- Variation of ratio of ordinate to maximum thickness with alr-
foil meximum thickness for the NACA 63-series airfoll sections.
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Ratio of ordinate &o maximum thiolness, %

Lk [ 8 10 12 1k
Maxinmm thickness, t, percent o

(b) x = 15 to 45 percent

Figure 25.- Continued.
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Ratio of ordinate bo maximum thicknesas, E

k20

16

ohi2

400

396

386
«382
378
3Th
370
246
362
358

3%

o560

o356

52’

4o

6 8 10 12 1y

Meximum thiokness, &, peroent o

X = 50 to 60 percént

Figure 25.- Continued.
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NACA TN L322
232
228
.22k
«220
226
«290
212
«286
«208
<282
i <204
- 278
i
2 L2
: 196
¥ 0
s o340
P o
i 336
Y -.262
]
g 332
«258
o328
28
o352k |
«250

«320

o316

312

«308

k é 8 - 10 12 1k
Maximom thickneas, £, percent o

(d) x = 65 to T5 percent

Figure 25.- Continued.
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32

Ratio of ordinate to maximum thickness, %

«026

o022

«018

«120

«136

o112

«100

«096

276

72

<168

o264

«150

«186

o152

248

2k

(e)

Maximum thiokness, &, percent a

x = 80 to 95 percent

Figure 25.~ Concluded.
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292

«288

«28

172

«128

Ratio of ordinate to maximum thickness, *
o
I
[

(a) x = 0.5 to 10 percent e.

Figure 26.- Variation of ratio of ordinate to maximum thickness with air-
foil maximum thickness for the NACA 6l-series airfoil sections.
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Ratlo of ordinats to maximum thiclmess, *

Maximum thlokness, &, percent o

(b) x = 15 to 45 percent

Figure 26.- Continued.
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Ratio of ordinate to maximm tiuokmu, %

436

32

108

396
392
388
384
.38}?

«376

156
b2

448

L - [ 8 10 12 a

Vaximm thicknesz, t, percent o

(¢) x = 50 to 60 percent

Figure 26.- Continued.
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i

Ratio of ordinate to maximum thicknaess,

+300

296

292

«288

28

«280

272

268

o264

o352

o348

o3kl

340

336

332

o328

32

3 8 10 a2 i 16
Maximuer thioclmeas, &, peroent o

() x = 65 to 75 percent

Figure 26.- Continued.
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Ratio of ordinate to maximum thiokness, %

032

<028

o2

«020

132

«128

22l

120

«116

<112

«108

o204

«188

<184

<150

o176

15, 2 k 6 8 10 12 h1:S 15 18 20 22
Maximum thiclmess, ©t, percent a

(e) x = 80 to 95 percent c.

Figure 26.- Concluded.
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38 NACA TN 4322

Ratio of ordinate to maximwa thiokness, E

[} 2 I 6 8 10 12 h S 16 18 20 22

Max {mum bhiekneu;, t, percent o

(a) x = 0.5 to 5.0 percent c. S

Figure 27.- Variation of ratic of ordinate to maximum thicknese with air-
foil meximum thickness for the NACA 65-series airfoil sections.
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NACA TN L322
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t, perosnt o

Maximum thickness,

5 to 40 percent c.

7

Figure 27

(v) x

Continued.
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Ratlo of ordinate to maximma thiolmess, E

428

oh2h

420

416

408

ook

o484

180

76

72

Maximum thiokness, t, percent o

(¢) x = 45 to 60 percent

Figure 27.- Continued.
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o336
«332
«328
52k
320"

316
312
+308
[ax
s .30k
B .388
g <300
5 o384
T
; «380
E
g 376
g
3
E 372
-368
o364
.560
«356
352
348

(a)

[3 8 10 12 U
Maximum thigkness, t, percent ¢

x = 65 to 7O percent

Figure 27.- Continued.
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Ratio of ordinmte to maxlmumm thiclmess, %

220

212

«208

e20l

«200

o196

o152

<188

«18%

+180

«280

«276

272

«268

«26L

«260

.25

252

2h8

6 8 10 2 1 16
Maximum thiokneas, t, peraent o

(e) x = 75 to 80 percent

Figure 27.- Continued.
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percent ¢

£,

Maximun thicikness

Ce

85 to 95 percent

Figure 27.- Concluded.
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Ll NACA TN k322

Ratlo of ordipste to maximum thiclkness, *

#1200

096

Maximun thiokness, ¢+, percent ¢

(a) x = 0.5 to 25 percent c.

Figure 28.- Variation of ratio of ordinate to maximum thickness with air-
foll meximum thickness for the NACA 63A-series sirfoil sections.
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Ratio of ordinste to maximum thickneas, %

JAho

436

hi32

o1l

JLi60

456
1488

s

<80
498

i9ly
0502

198
4196

Jdig2

e 2 L 3 8 10 12 1y 16
Maximum thickness, &, percent o

(b) x =30 to 55 percent c.

Figure 28.- Continued.
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Ratio of ordimate to maximun thickness, i.

«316

312

+308

«304

«300

«296
«36h

0560

356

«352

38

o3kl
.h.OS

«holy

400

396

392

«388

(c)

L 6 8 10 12
Maximum thicknes

x = 60 to 70 percent

Figure 28.- Continued.
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Ratio of ordinate to maximum thiockme,

k7

056

052
.108

«104

«100
o162

.158

o154

«150
«21

«210

+206

202

«198
.268

264

«260

«256

0 2 |13 § 8 10 12 ik’ 16
Usxinux thiclimess, %, percent o

(d) x = 75 to 100 percent c.

Figure 28.- Concluded.
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28

«280

230
A7

Retio of ordinate to maximum thickneas, ¥
n
k-

«170

+166

[+] 2 1 [ [:] 10 12 a4 16
Maximum thiokness, ¢, percent o

(a) x = 0.5 to 20 percent c.

Figure 29.- Variation of ratio of ordinste to meximum thickness with air-
foil maximum thickness for the NACA 6hA-series alrfoil sections.
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Ratio of ordinate to meximum thickness, ¥

-l}90

436

Jiz2
J76

Ll
ook

486
«502

4198
«4198

Jigly =
R

82
162 =

0 2 L 6 8 10 12 ‘U 16
Maximum thiclness, &, percent ¢

(b) x = 25 to 55 percent c.

Figure 29.- Contilaued.
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Ratio of ordinate to maximum thickness, *

_.560

.326

322

+306
372

«368

o364

*356

«352
416

W12

408

sholy

«1,00

L 6 8 10 12 ik 16
Maximum thickness, ¢, percent o

(¢) x = 60 to 70 percent c.

Figure 29.- Continued.
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Ratlo of ordinate to maximum thlckness, %

«168
« 16k
4260
«156

.152

;zzo
«216
212
«208

#204
«276

272
«268
26l
«260

«256

Kaximum thlckness, t, percent ¢

(d) x = T5 to 85 percent

Figure 29.- Continued.
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Ratio of ordinate to maximum thickness, %

NACA TN L4322

xl
percent ¢
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(e) x = 90 to 100 percent c.

Figure 29.- Concluded.
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Natlo of ordinate to maximum thilclmesas, E

Maximyuz thickness, t, percent o

(a) x = 0.5 to 10 percent c.

Figure 30.- Variation of ratlio of ordinste to maximum thickness with air-
foil meximum thickness for the NACA 65A-series airfoil sections.
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Figure 39.- Variation of additional velocity-increment ratio with air-
foil meximum thickness for the NACA 63-series airfoil sections.
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